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(54) POSITIONINQ SYSTEM AND MOBILE COMMUNICATION DEVICE 



(57) A mobile communication devkse that can com- 
municate with a center station by using a PHS, is 
mounted on a vehicle, and includes a vibration detection 
unit. When the device Is set in a theft search mode and 
the vehicle movement is detected by the vibration 
detection unit the device measures the electric field 
intensity of a base station nearby and sends the result 
of measurement to the center station that manages 
vehicles. TTierefbre, the system can detect that a vehicle 
has been stolen and track and locate the moving posi- 
tion of the vehicle. 
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Description 

Reld of Invention 

s [0001 ] The present invention relates to location systems and nfK>bile communication devices. More particularly, the 
present invention relates to a location system employing a zone communication system with a plurality of radio zones, 
and a wcbWe communication device for communicating while moving its position on the basis of a repeater provided in 
each of the pturalrty of radio zones. 

10 Background Art 

[0002] A small zone radio communication system such as the PHS (Personal Handyphone System; portable tele- 
phone) is known as an example of a zone communication system constituted by a plurality of radio zones. 
[0003] The PHS portable terminal representative of a mobile communication device Is used as a cordless tele- 
15 phone at home. It can be carried outside to be connected to public and digital networks via indoor or outdoor public 
repeaters and the like. In otiier words, it can be used virtually as a handy portable telephone. The PHS greatly differs 
from the existing cellular type portable telephone (here, ttie existing portable telephone system Is generically refenred 
to as tiie cellular system) in that the PHS employs the small zone system. 

[0004] A cellular system portable telephone has a repeater installed for every site of a radius of 2-3 km In cities 
20 where the output of a mobile station is at least 600 milliwats. The output of a repeater is 25-45 watts. In tiie suburbs, 
the range of approximately 10 km may be covered. 

[0005] In contrast, the output of tiie PHS mobile station is as weak as approximately 1 0 milliwats. The output of a 
repeater is merely 20 milliwats in the metropolitan areas, and 100 milliwats in the suburbs. Therefore, the communica- 
tion enable distance between a repeater and a mobile station is approximately 100 m in tiie cHy and approximately 500 
25 m in the suburbs. 

[0006] Research is in progress to apply the PHS to a location tracking system taking advantage of the feature that 
the radio zone of the PHS is small. A system of identifying the position of a mobile station is proposed by having tiie 
mobile station receive tiie waves of a plurality of repeaters in tiie neighborhood to transmit a plurality of pairs of position 
information witii an identification code unique to a repeater and a transmitted electric field value as a data pair to tiie 
30 location monitor station via a repeater. The location monitor station can identify tiie position of the mobile station by 
referring to the received position information and a relevant data base. 

[0007] Ragrant cases of ttieft directed to vehicles and tiie like often occur nowadays to become a disturbing social 
problem. It has become difficult to prevent tiie act of stealing a vehicle and the like since ttie robbery group Is cleverly 
organized and use dexterous techniques. A stolen car can be transferred far away in an extremely short time since tiie 
35 car Itself can function as a transportation means. Once a vehicle is stolen, retrieval tiiereof will become extremely diffi- 
cult. 

[0008] The same can be said for otiier items such as baggage and other belongings as well as cars and tiie like. It 
was difficult to locate an item once It Is stolen. 

[0009] As a further application of a conventional position detection system, an approach is considered to conceal 
40 a mobile communication device into a vehicle, baggage, and otiier belongings to locate tiiat vehicle, luggage, and tiie 
like when stolen. A signal can be transmitted to the mobile communication device according to the report from the 
owner of tiie stolen item to receive position information from the mobile communication device to track tiie location of 
the stolen item to which the mobile communication device is attached. 

[0010] According to tills metiiod, tracking of a stolen vehicle and ttie like can be initiated only from ttie time point 
45 when the owner of tiie vehicle k>eoomes aware of the theft. There is a problem that the stolen vehicle is already trans- 
ported abroad or the belonging being already used when tiie owner finds out ttie theft. There was a problem that ttie 
damage caused by ttieft cannot be substantially prevented. 

[001 1 ] In view of ttie foregoing, ttie object of tiie present invention is to provide a location system and a mobile com- 
munication device tiiat can detect occurrence of ttieft of a vehicle and ottier belongings at an early stage, and ttiat can 
50 locate ttie stolen item speedily. 

Disclosure of ttie Invention 

[0012] A location system according to claim 1 employs a zone communication system constituted by a plurality of 
55 radio zones. 

[001 3] The location system includes a repeater provided at each of said plurality of radio zones, a mobile commu- 
nication device for communicating while moving on ttie basis of a relevant repeater, a communication station for com- 
municating witii ttie mobile communication device, and a motion sensor for sensing movement of a mobile ttiat moves 
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together with the mobile communication device. 

[0014] The mobile communication device includes a measurement device that can measure electric field intensity 
of a wave arriving from a plurality of the repeaters, and a transmitter fbr transmitting to the communication station pre- 
determined position identification information according to a measurement result of the measurement device on the 
5 condition that movement of the mobile is sensed by the motion sensor when a predetermined movement Inhibit condi- 
tion Is established. 

[001 5] The communication station includes a notif ication device fbr notifying that the mobile is moving even though 
the movement inhibit condition is established according to the received position Identification Inlbrmation, and a location 
device for Identifying the advancing position of ttie mobile moving togetiier with tiie mobile communication device 

10 according to the received position identification information. 

[001 6] According to tiie invention defined in claim 1 , predetermined position identification information according to 
a measured result by tiie measurement device is transmitted to the communication station on the condition ttiat move- 
ment of tiie mobile is sensed by the motion sensor when a predetermined movement inhibit condition is established. 
Therefore, a location system can be provided tiiat detects theft of a vehicle and other belongings at an early stage, and 

IS that can find the stolen item as soon as possible. 

[0017] The invention according to claim 2 is a mobile communication device for communication while proceeding 
on the basis of a repeater provided in each of a plurality of radio zones. 

[0018] The mobile communication device includes a motion sensor for sensing movement of a mobile that moves 
together with the mobile communication device, a measurement device tfiat can measure electric field Intensity of a 

20 wave arriving from a plurality of repeaters, and a transmitter for transmitting position identification Information that is 
based on the measured result of tiie measurement device and that allows identification of the advancing position of the 
mobile that moves together with the mobile communication device to a communication station tiiat communicates witii 
the mobile communication device under tiie condition tiiat niovement of tiie mobile is sensed by the motion sensor 
when a predetermined movement Inhibit condition Is established. 

25 [001 9] According to ttie invention defined in claim 2, predetermined position identification infbrmation according to 
the measured result of the measurement device is transmitted to the communication station under the condition that 
movement of tiie mot)ile is sensed by tiie motion sensor when a predetermined movement inhibit condition is estab- 
lished. Therefore, the advancing position of a mobile such as the person who stole the mobile communication device or 
a stolen vehicle can be identified. 

30 [0020] According to ttie Invention defined In claim 3, in addition to the structure of the Invention defined in claim 1 , 
the motion sensor senses movement of a mobile that moves together with the mobile communication device by a 
change in the order of repeaters arranged in an order according to the elect'ic field intensity measured by the measure- 
ment device after the movement Inhibit condition is established. 

[0021 ] According to tiie invention of daim 3, movement of the mobile can be sensed taking advantage of tie meas- 
35 urement device required to generate the position identification Information. Therefore, at least a portion of the motion 
sensor can be shared by the measurement device to reduce the system cost. 

[0022] According to the invention defined in claim 4, in addition to the structure of tiie invention of daim 1, ttie 
motion sensor senses movement of tiie mobile that moves togettier with ttie mobile communication device according to 
vibration generated in response to movement of tiie mobile. 
40 [0023] Therefore, movement can be immediately detected according to the invention of claim 4. . 

Brief Description of the Drawings 

[0024] 

4S 

Fig. 1 shews an entire structure of a position display system of a mobile terminal. 

Rg. 2 shows an example of a sti'ucture of a transmitter identification code and a receiver identification code trans- 
mitted between a repeater and a mobile terminal in a public system. 

Fig. 3 shows an example of a structure of a transmitter identification code and a receiver identification code trans- 
so mitted between a repeater and a mobile terminal in a self-management system. 

Fig. 4 is a block diagram showing a circuit structure of a mobile communication device. 
Fig. 5 is a block diagram showing a structure of a center station. 
Fig. 6 is a block diagram showing a structure of a center station. 

Rg. 7 Is a diagram representing the prindple of a method of identifying the position of a mobile station. 
55 Fig. 8 shows an example of a control drcuit of the center station. 

Rg. 9 Is a flow chart showing the procedure of a theft Information transmission process. 
Rg. 10 is a flow chart showing the procedure of a transmission mode modify process. 
Rg. 1 1 is a flow chart showing tiie procedure of a process executed by the center station. 
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Rg. 12 is a block diagram showing a circuit structure of a mobile communication device. 
Fig. 1 3 is a flow chart showing the procedure of a theft information transmission process. 
Fig. 1 4 is a flow chart showing the procedure of a process executed by the center station. 

5 Best Mode for Carrying Out the Invention 

First Embodiment 

[0025] Embodiments of the present invention will be described hereinafter with reference to the drawings. Rg. 1 is 
10 an entire structure diagram of a location system of a stolen vehicle taking advantage of the PHS according to a first 
embodiment of the present Invention. Refenring to Fig. 1 , 1 designates a mobile terminal in which a motile communica- 
tion device 100 (refer to Rg. 2) is incorporated. 2a. 2b. 2c. ... designate repeaters that effect conversation with nxibile 
terminal 1 and registration of a calling area. 3a, 3b, 3c. ... designate radfo zones (microcells) of each of repeaters 2a. 

2b, 2c 4 designates the simultaneous calling area formed of a plurality^of radio zones 3a. 3b. 3c 5 designates a 

IS control station for provkjing control of line connection with a mobile temiinal 1 wHhIn the simultaneous calling area 4, 
and 9 designates the center station effecting communication witii mobile tennlnal 1 . 

[0026] Each of repeaters 2a. 2b, 2c. ... is connected to control station 5 through electrical communication line facil- 
ities 6a. 6b, 6c respectively. Center station 9 is connected to control statfon 5 tiirough a line 30. Repeaters 2a. 2b. 

and 2c periodically send out a signal including the simultaneous calling area number of control station 5 to allow calling 
20 and connection between mobile tenninal 1 and control station 5. The same simultaneous calling area number is sent 
out from repeaters 2a, 2b, and 2c under control of control station 5. Also, a repeater identification code unque to each 
repeater is emitted. 

[0027] The simultaneous calling area number and repeater identification code will be described with reference to 
Rgs. 2 and 3. Rgs. 2 and 3 show an exanr^ple of a portion of a communication slot transmitted from repeaters (CS) 2a. 
2S 2b. 2c. ... to mobile terminal (PS) 1 . Particularly. Fig. 2 corresponds to a public system, and Rg. 3 corresponds to a self- 
management system. 

[0028] In tiie public system of Fig. 2, tiie transmitter identification code (CS-ID) is formed of 42 bits, including tiie 
company dentification code of 9 bits which Is tiie code of discriminating tiie telephone company, and an outdoor piblic 
additional ID code of 33 bits for klentifying tiie outdoor public repeater. The outdoor public additional ID code includes 

30 a simultaneous catling area number and an additional ID number to emit simultaneous calls to a plurality of repeaters 
within a particular area for calling a particular terminal. A repeater identification code that allows identif k^ation of a cer- 
tain repeater is constituted by this outdoor puttie additional ID code. The receiver kjentrficatlon code (PS- ID) kientifying 
a mobile station (mobile terminal) Is formed of 28 bits. Communication on the basis of a repeater is earned out by trans- 
mitting to the repeater a communication slot including a similar receiver identification code and a transmitter identif ica- 

35 tion code from mobile terminal 1 receiving tiie control information. 

[0029] Refemng to the self-management system of Fig. 3, tiie transmitter identification code for kientifying a 
repeater is formed of 42 bits, including tiie system call code of 29 bits indicating the call code of the self-management 
system and an additional ID of 13 bits representing the repeater ID code of the self -management system. The repeater 
Identification code tiiat allows kientification of a repeater is constituted by tills transmitter kJentification code. The 

40 receiver klentif ication code for kientifying a mobile station (mobile terminal) is fbrmed of 28 bits. 

[0030] Referring to Fig. 1 again, a different simultaneous calling area number is issued from control station 5 in an 
adjacent simultaneous calling area (not shown). Mobile terminal 1 detects change In tills simultaneous calling area 
number to register a repeater which becomes tiie communication base of control station 5. 
[0031] More specifically, mobile communication device 100 installed in mobile terminal 1 establishes synchroniza- 

4S tion under a "control channel select" state in response to tiie power being turn on. TTien, the repeater receiving tiie 
simultaneous calling area number at tiie maximum electric field intensity Is registered at control station 5. Mobile com- 
munication device 100 establishes wireless section hand shaking with tiiat repeater. Thus, a link channel is established. 
When tiiere is a calling operation from mobile terminal 1 or center station 9 in a state where tiie Link channel estab- 
lished, a service channel is established to connect the call. Thus, communication is allowed. 

so [0032] During establishment of tiie link channel, the electric field intensity of the repeater with which the link chan- 
nel established is monitored. If tiie intensity is tower tiian a predetermined threshoM electric fiekl intensity, hand shaking 
witii tiie repeater having tiie strongest electalc f ieM intensity at that time point is reestablished. This is called "hand 
over". 

[0033] Here, mobile terminal 1 is a vehicle in v/hich mobile communication device 100 is incorporated to prevent 
55 theft. The owner of mobile terminal 1 sets mobile terminal 1 to the theft protection mode before leaving mobile terminal 
1 . Internal mobile communication device 1 00 has tiie function to sense movement of tiie vehicle. The electiic field inten- 
sity of the wave arriving from a plurality of repeaters 2a. 2b 2c, ... in tiie neighborhood is continuously measured upon 
movement of tiie vehide when the tiieft protection mode is set A call is automatically issued to center station 9 to trans- 
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mit the theft information including the measured result continuously thereto. 

[0034] Center station 9 is. for example, an organization that monitors the location system of the stolen vehicle. 
Center station 9 inductee a data base In which are stored the position identification information of each of repeaters 2a, 
2b, 2c information tiiat allows identification of the distance between a repeater and mobile terminal 1 according to 

5 elecb'ic field intensity, map information and tiie like, a display device for displaying the position of mobile terminal 1 on 
a screen according to calculation using the data base, and a notification means for notifying occurrence of theft. The 
transmission of tiie theft information from mobile terminal 1 allows immediate recognition of occunrence of theft. The 
advancing position of mobile terminal 1 can be tracked on the screen of the display device. 
[0035] In cities and towns, the area covered by the repeater is small according to the characteristic of the PHS sys- 

10 tem. When mobile terminal 1 travels at high speed, hand over occurs frequently. There is a possibility tiiat tiie radio line 
control function between the repeaters cannot follow the trace. In this case, it may become difficult to obtain tiie position 
information of mobile terminal 1 that is moving at high speed in real time. This problem can be solved by effecting com- 
munication when mobile temninal 1 stops or slows down at a crossing point or a relevant sita By measuring the electric 
field Intensity of each of repeaters 2a, 2b, 2c, ... at such a timing, the measurement error caused by lading can be 

16 extremely reduced than tiie case of measuring tiie intensity during travel of mobile terminal 1 . in the suburbs, tiie area 
covered by each base station is generally great, so that there is no problem in collecting tiie position information. 
[0036] Fig. 4 is a block diagram showing tiie circuit structure of mobile communication device 100 incorporated in 
mobile terminal 1 . Refemng to Fig. 4, mobile communication device 100 includes an antenna 20 for transmission and 
reception, a receiver unit 21 for amplifying and demodulating tiie signal received at antenna 20. an ID detection unit 22 

20 for detecting an identification code (ID) to identify a repeater 6 according to the signal demodulated at receiver unit 21 , 
a received electric field intensity measurement unit 23 for measuring the electric field Intensity according to tiie signal 
amplified at receiver unit 21. a transmitter unit 26 for generating, modulating, and anplifying information to transmit 
through antenna 20. an operation unit 28 for setting the theft mode and the like, a vibration detection unit 27 for detect- 
ing vibration of the vehicle, a memory 25. and a control circuit 24 providing the entire conti'ol of mobile communication 

25 device 100. 

[0037] When operation unit 28 is manipulated to set the tiieft mode, this setting is detected at control unit 24. The 
setting and cancel of tiie theft mode can be effected through input of a secret number, if necessary. By allowing cancel 
of the tiieft mode only through input of an appropriate secret number, the event of tiie perpetrator becoming aware of 
this system during escape to disable tiie tiieft mode can be prevented. Furthermore, in order to prevent tiie user from 
30 forgetting to set tiie theft mode, a structure can be provkfed In which automatic setting Is effected in response to tiie 
vehicle being locked. 

[0038] Vibration detection unit 27 detects vibration occurring in accordance witii movement of the vehicle. This 
vibration detection unit 27 can have a structure that detects vibration of the vehicle itself or that detects vibration of 
mobile communication device 100 in response to vibration of tiie vehicle. Alternatively, the vibration of the vehicle when 

35 tiie engine of the vehtele is started can be sensed. Vibration detection unit 27 does not have to be prcvkied In mobile 
communication device 100 itself. Vibration detection unit 27 can be attached integrally to the vehicle to output a sense 
signal to an input unit provided to receive the sense signal from vibration detection unit 27. 
[0039] Upon sensing vibration of the vehicle by vibration detection unit 27, a sense signal Is applied to control unit 
24. Control unit 24 generates position information Including the pair of tiie electi-ic field intensity of each repeater meas- 

40 ured by received electric field intensity measurement unit 23 and tiie Mentif Ication code of each repeater detected by 
ID detection unit 22 under the condition tiiat the theft protection mode is set when a sense signal is received. Then, a 
call is issued to center station 9 to send the theft information including tiie position information. The electric f ieki inten- 
sity of each repeater is repeatedly measured by received electric field intensity measurement unit 23 until tiie theft pro- 
tection mode is canceled. The theft information is sequentially transmitted at a predetermined timing. Center station 9 

45 traces the stolen vehicle (mobile statfon 1 ) on tiie basis of tiie theft information that is repeatedly tfansmitted. The trans- 
mission tinting of the theft information can be set through operation unit 28. or by remote control from center station 9. 
The details of ttiis transmission timing will be described aftenwards. 

[0040] Since mobile communication device 100 is a unit dedicated to the theft protection system, tiie voice circuit 
and display circuit provided in a general PHS are removed. This Is because the general conversation function is not 

50 necessary. In other words, identification of the repeater that establishes a link channel witii mobile terminal 1 is effected 
using mainly the PHS control channel. Therefore, vartous push buttons, liquid crystal display, speaker, microphone, and 
electronic circuit components associated ttiereto can be omitted appropriately. This provMes tiie advantage tiiat mobile 
communication device 100 can be reduced in cost, size, and weight. It is needless to say tiiat tiie conversation function 
can be added, if necessary, to allow conversation inside tiie vehicle. Also, by providing an input unit that receives a 

66 sense signal from vibration detection unit 27 in the commonly used portable PHS and mounting the same at a prede- 
termined site of tiie vehicle, as necessary, tiie function of the above-described mobile communication device 100 can 
be Implemented. 

[9041] Rg. 5 exeniplifies a portion of center station 9. Refemng to Rg. 5. center station 9 includes a personal com- 
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puter/Work station 12. and a display 61 and a keyboard 1 1 connected to personal conrputer/work station 12. A center 
station modem 1 3 is connected to personal computer/Work station 12. Personal computerAvork station 1 2 is connected 
to the exchange station of a telephone central office via center modem 13. It is desirable that a plurality of telephone 
lines and modems are prepared in the control of a plurality of mobile terminals 1 . The line is not limited to an analog 
5 telephone line, and tiie ISDN can be used. 

[0042] A track 18 con'esponding to the movement of mobile terminal 1 (mobile station) is indicated on electronic 
map 10 on the screen of display 61 together with a time stamp. 1 1 designates the keyboard. Altiiough not shown, a 
mouse is used for operation. 

[0043] Rg. 6 shows an example of components of a system of the center station 9 end to calculate tiie position of 
10 mobile terminal 1 and to identify tiie obtained position on the map displayed on display 37. Referring to Fig. 6, 34 des- 
ignates a telephone line, 35 a signal demodulation circuit, 36 a position detection calculation circuit of tiie mobile sta- 
tion. 37 a displE^ device, 38 a data base of repeater 6. 39 a position data base of the mobile station, 40 a map data 
base. 41 a call circuit towards the mobile station, and 42 a data base of tiie vehicle. 

[0044] It is to be noted tiiat tiie position of mobile terminal 1 cannot be detected just by the data of the identification 
15 code and electric field Intensity of each repeater sent from mobile terminal 1 . In order to identify the position, repeater 
information such as the position of each repeater (address or latitude and longitude), the transmission power of each 
repeater, the height of the antenna and tiie like must be prepared in advance as a repeater data base 38 con-esponding 
to tiie identification code of each of repeaters 2a, 2b» 2c .... It is also necessary to prepare an electronic map data base 
40 at tiie same time. Using the data of a plurality of repeaters sent from mobile terminal 1 under such an environment, 
20 the position of mobile terminal 1 can be identified by a method set forth in the following. 

[0045] Taking advantage of the Friis transmission formula (refer to following equation (1 )) indicating that the recep- 
tion power is inversely proportional to the square of the distance of the antennas between a transmitter and a receiver, 
the distance between each of repeaters 2a, 2b^ 2c, ... and mobile terminal 1 can be calculated from tiie level of tiie 
received power obtained by received electric field intensity measurement unit 23 of Fig. 4. Rg. 7 shows tiie basic prin- 
25 ciple tiiereof. 

Reception power = antenna gain of transmitter x antenna gain of 
receiver x transmission power -r (4n x distance between transmitter and receiver/wavelengtii of wave) ^ 

30 

[0046] Assuming tiiat tiie distance between tiie transmitter and receiver obtained by reverse-calculation of tiie 
above equation (1) is r meters in Fig. 7. it Is appreciated tiiat mobile terminal 1 is located substantially on the circumfer- 
ence of a circle witii a radius of approximately r meters about repeater A with the strongest electric field intensity. By 
drawing a tangent from repeater B and repeater C having the next strongest level of electric field intensity with respect 

35 to repeater A towards tiie circle witii tiiis radius of r meters to form an arc which is a portion of tiie circumference of tiie 
circle of r meters in radius, mobile terminal 1 will be located on tiiis arc 33. As a result, the position of mobile terminal 
1 can be identified at a higher level of accuracy Position detection calculation circuit 36 of mobile terminal 1 includes 
the steps of calculating the distance r from repeater A of tiie greatest electric f ietel intensity to mobile terminal 1 . drawing 
a circle of radius r about repeater A, and drawing a tangent from tiie position of repeaters B, C. .... having tiie second, 

40 third, ... greatest electric field intensity to the drde of radius r to fbrm an arc 33, while displaying tiie mobile station on 
the map by referring to map data base 40 for tiie position information of a repeater. The data tiiereof is stored in data 
base 39 of mobile terminal 1 . 

[0047] Rg. 8 is a li^ock diagram showing a specific structure of center station 9. Refemng to Rg. 8, center station 
9 includes a CPU 60 providing the overall control of the system constituting center station 9. a CRT 61 connected to 

45 CPU 60 for displaying tiie position of mobile tenninal 1 on a map. a ROM 62 and a RAM 63 tor storing a program and 
the like defining tiie operation of center station 9, and an t/0 interface 64 establishing an interiace witii an external 
device. To I/O interiace 64 are connected a CD-ROM drive device 65 for displaying map data via I/O interiace 64, a 
center station modem 1 3 for receiving tiieft information from mobile terminal 1 , an automatic calling device 66 for calling 
and connecting with mobile terminal 1 via a PHS system exchange station, and a line disconnection unit 68 to issue a 

so call by automatic calling device 66, as necessary, and immediately disconnecting tiie line after obtaining required infor- 
mation. 

[0048] Information is transmitted to notify occun'ence of tiieft to a predetermined subscriber of the system via I/O 
interiace 64. Also, information tiiat identifies tiie advancing position of mobile terminal 1 (address of location of mobile 
terminal 1 . or sakl tiieft information itself) is transmitted togettier. The security organization involved in tiie search of tiie 
55 stolen vehicle or tiie owner of the stolen vehicle can be enumerated as examples of a predetermined subscriber. Center 
station 9 per se may be tiie security organization, or tiie home of tiie owner of tiie stolen vehicle. The telephone number 
and ottier si^scriber infbrmation of the subscriber is stored in a subscriber data base pB) 69. 
[0049] Rg. 9 is a flow chart showing tiie procedure of a tiieft information transmission process. Mobile communica- 
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tion device 100 incorporated in mobile terminal 1 executes the process desalbed in the following according to the flew 
chart of Fig. 9. At step S (abbreviated as S hereinafter) 1 , determination is made whether the theft search mode Is ON 
or not. When the theft search made Is not set, control proceeds to S8 to determine whether there is a transmission com- 
mand or not. This transmission command is the Information sent from center station 9. The process ends in the 
5 absence of a transmission command. When there Is a transmission command, control proceeds to S3 to can^y out the 
process of measuring the electric field Intensity of repeaters in the neighborhood. At S4, theft Information Including the 
measured result is sent to center station 9. Even if the theft search mode is not ON. the theft information Is transmitted 
in response to a transmission command from center station 9. Therefore, center station 9 can otstained the position 
information, as necessary, even If the perpetrator of the stolen vehicle becomes aware of this system and cancels the 
10 theft search mode setting during escape. Center station 9 can obtain position information appropriately 

[0050] When the theft search mode is ON, control proceeds to S2 to determine whether a detection signal is input 
from vibration detection unit 27. Determination is made that mobile terminal 1 is not moving when a detection signal Is 
not input. Therefore, control proceeds to 88. When a detection signal Is input from vibration detection unit 27, determi- 
nation is made that mobile terminal 1 1s moving. Control proceeds to S3 where the electric field intensity of a wave arriv- 
es Ing from peripheral repeaters 2a, 2b, 2c, ... is measured by received electric field Intensity measurement unit 23 (refer 
to Fig. 4). The measured result is applied to control unit 24. 

[0051] At 84, a call is emitted to center station 9 to execute the process of transmitting the theft information. This 
theft information includes the measured result of the electric field intensity of each repeater obtained at 83, and the 
Infbrmation indicating the type of transmission mode that will be described afterwards. Then, control proceeds to 85 to 
20 determine whether the theft search mode is modified to OFF The process ends when the theft search mode Is turned 
off. When the theft search mode is not turned off, control proceeds to 86 to determine whether a transmission condition 
Is established or not. This transmission condition corresponds to the condition of executing the process of measuring 
again the electric field intensity of each repeater to send the measured result as theft information to center station 9. 
This transmission condition depends upon the type of the transmission mode set at mobile communication device 1 00. 
2S As will be described afterwards with reference to Fig. 10, the transmission mode can be preselected from a plurality of 
types of transmission modes through remote control from center station 9 or by operation of mobile communication 
device 100. The transmission mode can be altered, if necessary, in traddng mobile terminal 1 corresponding to the sto- 
len vehicle. When the transmission mode is set to a mode other than the continuous transmission mode that will be 
desaibed afterwards, the call Is immediately released after theft infbrmation is transmitted at 84. When tiie mode is set 
30 to the continuous transmission nrKxJe. the call Is continuously maintained even after ttie theft information Is transmitted. 
[0052] When determination is made that the transmission condition is established at 86, control proceeds to 83. 
The electric field intensity of tiie repeaters in tiie neighborhood Is measured again.. At 84, the measured result is 
retransmitted to central station 9 as theft Information. When tiie transmission condition Is not established, control pro- 
ceeds to 87 to determine whetiier there is a transmission command from central station 9. When a transmission com- 
as mand has been received, the process proceeds to S3 and S4 even if the transmission condition is not established. The 
latest measured result and the like are transmitted to center station 9 as the theft information. By confirming whether 
theft information is sent from mobile communication device 100 according to the transmission command at center sta- 
tion 9, determination can be made whetiier mobile communication device 100 is In a proper state or not. This is required 
because when tiie ttieft Information continuously transmitted from mobile communication device 100 Is interrupted from 
40 a certain time point It cannot be determined whether this Interruption is caused by the transmission condition not being 
satisfied, or caused by some other abnornnal situation such as failure. 

[0053] When determination is made that tiie transmission condition Is not established at 86 and ttiere is no trans- 
mission command at 87, control returns to 85. The determination steps of S5-S7 are repeatedly executed until any one 
of 85-87 Is YES. 

46 [0054] Rg. 10 is a flow chart showing the procedure of a transmission mode modify process. MokxIe communication 
device 100 modifies the transmission nrxxle to determine the transmission timing of the tiieft information according to 
the procedure that will be described hereinafter. 

[0055] At 811, determination is made whether ttiere is a transmission mode modify request. When there is no 
transmission mode modify request, the process ends. Transmission mode modification Is effected ttirough operation of 

60 operation unit 28 provided at mobile communication device 100 or in response to a predetermined command signal 
from center station 9. When there is a transmission mode nnodify request, control proceeds to 812 to determine 
whetiier modification to a continuous transmission mode is to be effected or not. When ttiere is a continuous transmis- 
sion mode modification request, control proceeds to 81 3 to modify the mode to the continuous transmission mode. 
[0056] A continuous transmission mode is the mode to maintain the connected call with center station 9 witiiout 

66 release to sequentially transmit the latest measured result of the electric field intensity. In the continuous transmission 
mode, the electric field intensity of each repeater is measured by received electric field intensity measurement device 
23 and subsequentiy sent to central station 9. The moving status of mobile terminal 1 can be monitored closely accord- 
ing to the continuous transmission mode. 
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[0057] When determination is n^de of NO at 812. control proceeds to S14 to determine whether there Is a modifi- 
cation request to a timer mode. When there is a timer nxxie modification request control proceeds to 815 to execute 
the process to switch to the timer mode. 

[0058] A timer mode is a mode to transmit the theft information (including measured result of electric field intensity) 
5 according to a set transmission interval time t to center station 9. Transmission interval time t can be set arbitrary 
through operation unit 28 or by a command signal from center station 9. According to the timer mode, theft information 
can be sent from mobile communication device 100 according to the moving status (moving speed, moving distance 
and the like) of mobile station 1 . For example, when mobile temiinal 1 is moving at a high speed, the transm^on inter- 
val time can be shortened. When the moving speed is slow, the time interval can be prolonged. 
10 [0059] When determination is made of NO at 81 4, control proceeds to 81 6 to determine whether there is a modifi- 
cation request to a hand over nfioda When there is a hand over wodiB modification rec^est control proceeds to 81 7 to 
switch to the hand over mode. 

[0060] A hand over mode is a mode to transmit the theft information Ibr every occurrence of hand over according 
to the travel of mobile terminal 1 . Occurrence of hand over means that the electric field intensity of the repeater that is 

1$ currently establishing a link has become lower than a predetermined threshold value due to the travel of mobile terminal 
1 . A link has been newly established with a repeater that has the highest electric field intensity at that time point. There- 
fore, by initiating control of connecting a call with center station 9 (control of issuing a telephone call) to transmit theft 
information at that instant, there is high possibility that theft information can be transmitted in a stable state. At the time 
point when the link is reestablished, the possibility of mobile terminal 1 being located at the approximate center of the 

20 radio zone of that repeater with the established link is high. This means that the distance from that site to the site where 
the next hand over occurs is great. The possibility of occurrence of hand over is low during transmission of the theft 
information. Thus, stable communication with the center station 9 can be secured even when mobile terminal 1 travels 
so fast that hand over occurs frequently with the possibility of the radio line control function between the repeaters not 
being followed. 

25 [0061 ] When determination Is made of NO at 81 6. control proceeds to 81 8 to determine whether there is a nrK)cfif i- 
cation request to a CS mode. When there is a C8 mode modification request, control proceeds Id 819 to switch to the 
C8 mode. 

[0062] A C8 mode is a mode to transmit the next theft information at a timing when the electric field intensity of 
another repeater becomes stronger than that of the cunrent repeater with the hi^est electric field intensity. More spe- 

30 cifically. In the measurement of the electric field Intensity of each repeater in the neighborhood, the identification code 
of the repeater with the highest electric field intensity is stored. Measurement of the electric field intensity is repeatedly 
carried out thereafter. When the identification code of the repeater with ttie highest electric field intensity differs from 
the previously stored identification code, tiie measured result of that time point is transmitted as the ttieft information. 
Although depending upon tine transmission status of tiie wave, it Is assumed that mobile terminal 1 is present at tiie site 

35 closest to the repeater witii the highest electric field Intensity among the repeaters. According to the C8 mode, center 
station 9 can obtain the theft information at the timing when the repeater closest to mobile terminal 1 changes. This 
means that the theft information can be obtained most effectively when the advancing position of mobile terminal 1 is 
to be detected roughly only according to tiie corresponding relationship with one repeater having the highest electric 
field intensity. Therefore, ttie communication cost can be reduced. 

40 [0063] In tiie previous hand over mode, the tiieft infbrmation is not transmitted at tiie timing when tiie electric field 
intensity of another repeater becomes higher than that of the repeater witii the greatest electric field intensity. This is 
because, once a link is established witii a certain repeater, hand over does not occur unless tiie electric field intensity 
of tiie current repeater witii the link becomes lower than a predetermined tiireshold value, even if ttie electric field inten- 
sity of another repeater becomes higher according to the travel of mobile terminal 1 . 

45 [0064] When determination is made of NO at 818, control proceeds to 820 to determine whettier there is a modifi- 
cation request to a speed mode. When there is a speed mode modification request control proceeds to 821 to switch 
the transmission mode to tiie speed mode. 

[0065] A speed mode is the mode of transmitting tiieft information at a predetermined transmission time Interval 
under the condition tiiat tiie moving speed of mobile terminal 1 is lower titan a predetermined speed. 

so [0066] According to the speed mode, a call is connected with center station 9 to transmit the theft information when 
mobile terminal 1 stops, for example, at the red signal of a aossing point By setting appropriately tiie predetermined 
speed taking account of fading caused by tiie travel of mobile terminal 1 , a measurement result minimized of tiie fading 
effect can be obtained. The wave fading effect according to the travel of mobile temiinal 1 is particularly significant in 
the PH8 tiiat utilizes a high frequency among the mobile communication systems. There will be a great effect on tiie 

55 measured result of the electric field intensity. Particularly in the case where mobile terminal 1 is a vehicle that can move 
at high speed as in ttie present embodiment, tiie measured en-or depends greatiy upon tiie timing of measuring tiie 
electric f iekJ intensity. By virtue of tiie speed mode, only ttie electric field Intensity ttiat is measured when mobile termi- 
nal 1 moves at a relatively slow speed or when in a complete halt state can be transmitted to center station 9. Tlierefbre, 
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the position of mobile terminal 1 can be identified at high accuracy from center station 9. The speed meter generally 
equipped in a vehicle can be utilized in measuring the speed of mobile terminal 1 . Also, for the purpose of obtaining a 
measured result of low error, a mode utilizing a method set forth in the following can be added instead of the speed 
mode. 

5 [0067] More specif icaliy, the electric field intensity of each repeater is measured for a plurality of times at short inter- 
vals by received electric field intensity measurement unit 23 to calculate the arithmetic average. The measurement 
accuracy is calculated from the offset of each measured value. The arithmetic average calculated under the condition 
that the accuracy is within a predetermined range can be sent to center station 9 as the measured result 
[0068] When determination is made of NO at S20, control proceeds to S22 to execute the error process. Then, the 

10 process ends. 

[0069] Fig. 11 is a flow chart of the procedure of a process executed by CPU 60 (refer to Fig. 8) of center station 9. 
[0070] At S31, determination Is made whether theft information is received or not. When theft information is 
received, control proceeds to 832 to set a predetermined timer. This timer is provided for the detennination of 842 to 
identify whether the next theft information is transmitted or not from mobile terminal 1 that has transmitted the previous 

IS theft information at an elapse of a predetermined time. 

[0071 ] At 833. a process Is executed to identify the stolen vehicle and advancing position thereof according to the 
theft information transmitted from mobile terminal 1 . A stolen vehicle is Identified according to vehicle data base 42 of 
Rg. 6. The advancing position is identified by repeater data base 38 and map data base 40. At 834. the theft of the vehi- 
cle is notified to the security organization. The process of sending tiie stolen vehicle identification information to locate 

20 the stolen car to the security organization is earned out. Thus, tiieft of a vehicle is notified to the security organization. 
Then, control proceeds to 835 to execute the process of displaying tiie advancing position of ttie stolen vehicle on dis- 
play 60 of display device 37. Then, the process ends. 

[0072] When tiie theft inlbrmation is not received at S3 1 . control proceeds to 836 to determine whetiier tiie timer is 
operating or not This timer is ttie timer set at 832. When tiie timer is not operating, it is appreciated that a case of theft 

2S of a vehicle has not occurred. In ttiis case, the process ends. When ttie timer is operating, theft Information is transmit- 
ted at least once, implying that a theft has t)een committed. In this case, control proceeds to 837 to determine whettier 
the transmission mode of mobile communication des^ce 100 incorporated at the stolen vehicle is in tiie timer mode or 
not. This transmission mode determination is carried out according to the theft inlbrmation received at 831 . When ttie 
transmission mode is in the timer mode, control proceeds to 838 to determine whettier ttie transmission interval time 

30 set at ttie timer mode has already elapsed or not. The process ends when the transmission Intenml time has not yet 
elapsed. In contrast, when ttie transmission interval time has elapsed, it is appreciated that the communication has 
been interrupted by some abnormal situation despite of ttie fact ttiat theft information has to be transmitted from mobile 
terminal 1. In this case, control proceeds to 839 to effect a predetermined notification. For example, track 18 of ttie 
mobile station is provided in a blinking manner on display 61 of Fig. 5. Then, control proceeds to 840 to transmit trans- 

35 mission command information to mobile terminal 1 ttiat Is exhibiting an abnormal situation. Mobile temilnal 1 receiving 
this transmission command information immediately sends ttie theft information to center station 9 regardless of 
whettier theft search mode is ON/OFF and what ttie situation is. 

[0073] Then, control proceeds to 841 to reset ttie timer set at 832. The counting of the timer is initiated. 
[0074] When determination Is made that ttie transmission mode is not the timer mode at 837, control proceeds to 
40 842 to determine whettier ttie timer has counted the predetemiined time set at 832 or 841 . The process ends when ttie 
predetermined time has not yet elapsed. 

[0075] When ttie predetermined time has elapsed, the process of 839. 840 and 841 is executed. As a result, noti- 
fication is made that a predetermined time has elapsed from interruption of the ttieft information that was continuously 
sent from mobile communication device 100 from a certain time point Transmission command information is sent to 

46 mobile communication device 100 that is inten'upted of transmission. When ttiere is no response from mobile commu- 
nication device 100 with respect to this transmission command inlbrmation, it is assumed that failure or some other 
abnomial situation has occurred in mobile communication device 100 or the vehicle incorporating tiie same. When theft 
information is transmitted in response to this transmission command information, tiie detail of ttie failure can be identi- 
fied by analyzing the information. For example, ttie subsequent theft information will not be transmitted if mobile termi- 

50 nal 1 maintains a halt state when the transmission mode is set to the hand over mode. In this case, determination can 
be made whettier mobile terntinal 1 is maintaining a stoppage state or not by waiting for tiie ttieft information in 
response to ttie transmission command inlbrmation. 

Second Enr^xxf iment 

55 

[0076] A second embodiment will be described witii reference to Figs. 12-14. Fig. 12 is a block diagram showing a 
circuit structure of a mobile communication devk:e 200 incorporated In mobile terminal 1 according to a second embod- 
iment Mobile communication device 200 of ttie second embodiment differs from mobile communication device 100 of 
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Rg. 4 in that vibration detection unit 27 is not provided. Description of respective reference characters will not be 
repeated. Mobile communication device 200 is characterized from the standpoint of control in that movement of the 
vehicle Is detected taking advantage of the electric field intensity of a wave transmitted from each of repeaters 2A, 2B, 
2C, ...of Fig. 1. 

5 [0077] More specifically, when operation unit 28 Is operated to set the theft mode, control unit 24 compares tfie 
electric field intensity of each repeater measured by received electric field intensity measurement unit 23 to record the 
repeater receiving a wave at the highest electric field Intensity. Then, the electric field intensity of each repeater is 
repeatedly measured at every predetermined period of time to compare the electric field intensi^. When the repeater 
of the highest electric field Intensity 6\fi&s from the previously recorded repeater, determination is made that mobile ter- 

10 minal 1 has moved. Accordingly, the theft Information Is transmitted to center station 9. 

[0078] The second embodiment is advantageous of redudng tiie system cost since the travel of mobile terminal 1 
can be sensed taking advantage of received electric field intensity measurement unit 23 required for generation of theft 
infbmnation used in theft notiftoation and position identiftoation. 

[0079] Here, travel of mobile tem^nal 1 1s detected in response to change In the repeater with the highest electric 
IS fieM Intensity. A structure can be Implemented in which a repeater is recorded having the second, third, or another spe- 
cific order of electric field intensity, and sensing travel of mobile terminal 1 by change in the order thereof. Also, by taking 
advantage of the occurrence of lading caused by travel of mobile terminal 1, variation of tiie electric field intensity 
greater than a predetemnined width can be sensed to determine travel of mobile terminal 1 . 
[0080] Fig. 1 3 is a flow chart showing the procedure of a theft Infbrmation transmission process according to mobile 
20 terminal 200 of tiie second embodiment. At S51 . determination is made whether the theft search mode is ON or not. 
The contents of this process are identical to tiie contents of S1 of Rg. 9. The process ends when the theft search mode 
is not turned ON. Control proceeds to 852 when tiie theft search mode is ON. 

[0061] At S52, tiie process of measuring the electric field Intensity of repeaters In the neighboriiood is executed. 
Then, control proceeds to S53 to determine whetiierlDI »NODATA. ID1 and ID2 that will be described afterwards cor- 

25 respond to a portkDn of a region in memory 25 (refer to Rg. 12) identified by a predetemiined address. When data is not 
stored in ID1, control proceeds to 861 to execute tiie process of recording the Identification code (ID) of the repeater 
witii the highest electric fiekl intensity into ID1 out of the electric field intensity measured at 852. Then, control proceeds 
to 859 to determine whetiier the theft search mode is turned off or not. When the tiieft search mode Is still ON. control 
returns to 851 . When the theft search mode is turned OFF, control proceeds to 860 to execute the process of erasing 

30 the data stored in 1D1 and 1D2. Then the process ends. 

[0082] When a repeater ID is already stored in ID1 at 853. control proceeds to 854 to execute the process of stor- 
ing tiie data recorded in ID1 into ID2. Then, control proceeds to 855 to execute tiie process of recording the repeater 
ID with the highest electric field intensity according to the measured result of 852 into 1D1 . As a result, tiie repeater ID 
witii the highest electric field intensity is stored according to tiie latest measured result In ID1 whereas the data accord- 

S5 ing to the previous measired result is stored in 1D2. 

[0083] At 856. determination is made whether the data of ID1 matches the data of ID2. in other words, determina- 
tion is made whether the repeater of tiie highest electric field intensity has changed between tiie previous time of meas- 
urement and tiie current time of measurement. When the repeater has not changed, control proceeds to 857 to 
determine whether transmission command Information is sent from center station 9. When tiie transmission command 

40 information Is not sent, control returns to 851 . 

[0084] When determination is made of YE8 at 857. control proceeds to 858 to execute the process of transmitting 
the theft infbrmation including the measured result of 852 to center station 9. By detemnination of NO at 856 and tians- 
mlssion of tiieft infomiation at 858. oocun'ence of a theft is recognized at center station 9 to identify the stolen vehicle 
and position tiiereof. 

45 [OOBSl Then, control proceeds to 859. If the theft search mode Is not turned off, control proceeds to 852 to measure 
again the electric field intensity of the repeaters In the neighborhood. Then, each process of 853-856 is executed. 
Under ttie condition tiiat a measured result is obtained in which tiie repeater of the highest electric field intensity differs 
from tiie previously recorded repeater, the second tiieft infbrmation and et seq are transmitted at 858. Therefore, tiie 
transmission timing of the subsequent tiieft information is similar to tiiat of the C8 mode described with reference to Rg. 

so 10. As described in the previous continuous transmission mode, a structure can be Implemented in which the latest 
measured result is sequentially transmitted upon initiation of theft information transmission, instead. 
[0086] Rg. 1 4 is a flow chart showing the procedure of a process executed by CPU 60 of center station 9 according 
to tiie second embodiment 

[0087] At 871 , determination is made whether theft infbnuation is received from mobile terminal 1 . Here. 871-875 
55 of this flow chart are similar to 831 -835 of Fig. 1 1 . 876-880 are similar to 836. 839-841 , and 842 of Rg. 1 1 . Therefore, 
further detailed description will not be provided. 

[0088] Modification of tiie above-described embodiments will be enumerated hereinafter. 
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(1) The above embodiments were described in which a vehicle Is exemplified as the mobile corresponding to 
nfK>bile terminal 1 . However, the mobile that moves together with the mobile communication device is not limited to 
a vehicle. For example, the concept of a mobile reads on a person that steals the PHS (portable handy phone) itself 
which Is an example of the mobile communication device. Furthermore, mobile communication device 1 00/200 can 

5 have an extremely small design (for example, a thin card-like fbmfi) to be concealed in a bag or other belongings or 
fbrmed Integrally with a transportable Item. A structure can be implemented to automatically transmit theft informa- 
tion from mobile communication device 100/200 to center station 9 in the event of being stolen. In this case, the 
portable item, the person escaping with the stolen item, or the vehicle used in the escape together with the stolen 
item read on the concept of a mobile. In other words, the term "mobile" in the present specification corresponds to 

10 the concept Including an Kern that Is moved Incorporating the mobile communication device, and the person moving 
with the mobile communication device. 

(2) The above embodiments employ the means of displaying on an electronic map as the system of identifying the 
advancing position of mobile tern^nal 1. Alternatively, or additionally, a structure can be implemented in which the 
mobile position of mobile terminal 1 is notified through voice. For example, In the case where the vehicle tracking 

15 the stolen car in the escape procedure is center station 9. it is convenient to have the direction and distance 
announced through voice in addition to the advancing position of nrtobile terminal 1 displayed on a screen. 

(3) The above embodiments have the measured value of electric field intensity sent from mobile communication 
device 100/200 attached to mobile temninal 1. Alternatively, a structure can be implemented in which nfiobile com- 
munication device 100/200 calculates the position according to the electric field intensity and transmits the caicu- 

20 lated result to center station 9. In other words, the predetermined position Identification information transmitted 
from mobile communication device 100/200 is not limited to the measured value of electric field intensity itself. In 
the case of such a structure, repeater data base 38. mobile station position data base 39. map data base 40 and 
the like indicated as the facility of center station 9 shoukl be nrrounted in mobile terminal 1 . 

(4) The method of identifying the advancing position of mobile terminal 1 on the basis of the electric field intensity 
^ of a plurality of repeaters was shown with reference to Rg. 7. However, the method of identifying the advancing 

position of mobile terminal 1 is not limited to this method. For example, a repeater with the highest electric fiekJ 
intensity can be identified according to the position relationship with mobile terminal 1 to provide the installed posi- 
tion of the repeater itself as the location of mobile terminal 1 on an electronic map in a display. Furthermore, the 
advancing position of mobile terminal 1 can be represented by displaying a predetermined graphical form (a graph- 
30 leal form such a circle, an ellipse, and the like con-esponding to wave electric field intensity distributton of a relevant 
repeater) centered about the relevant repeater In this case, the transmission mode is desirably set to the OS mode. 

(5) The previous embodiments are desaibed with the small zone type mobile communication system such as the 
PHS that has a small area covered by one repeater as the zone communication system. However, application of 
the present invention is not limited to the PHS. The present invention is applicable to a mobile communication sys- 

35 tern that covers a greater area than that of a repeater. The important feature is that mobile communication device 
100/200 detects the occurrence of a theft to initiate communication and transmit position information at an arbitrary 
time. It is to be noted that the accuracy of the location is improved as the area covered by each repeater is smaller 
or as the repeaters are installed more closely to each other. 

40 Claims 

1. A location system using a zone communication system constituted by a plurality of radio zones, said location sys- 
tem comprising: 

45 a repeater provided In each of said plurality of radio zones, 

a mobile communication device fbr communicating while moving on a basis of the repeater, 

a communication station for communicating with the mobile communication device, and 

motion sense means fbr sensing movement of a mobile that rmves together with said mobile communication 

device, 

60 wherein saki mobile communication device comprises 

measurement means that can measure electric field intensity of a wave arriving from a plurality of said repeat- 
ers, and 

transmission means fbr transmitting predetermined position klentif icat'on Information according to a measured 
result of said measurement means to saki communication station under a condition that movement of saki 
55 mobile is sensed by sakI motnn sense means when a predetermined movement inhibit oonditron is estak>- 

lished, 

wherein said communication station conprlses 

notification means for notifying that sard mobile is moving even though sakI nxivement inhabit condition is 
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established according to received said position identification information, and 

position identify means for identifying an advancing position of a mobile that moves together with said mobile 
communication device according to said received position identification information. 

5 2. A mobile communication device for communicating while moving on a basis of a repeater provided in each of a plu- 
rality of radio zones, said mobile communication device comprising: 

motion sense means for sensing movement of a mobile that moves together with the mobile communication 
device. 

10 measurement means that can measure electric field intensity of a wave arriving from a plurality of said repeat- 

ers, and 

transmission means for transntitting to a communication station that communicates with the mobile communi- 
cation device position identification Information that is based on a measured result of said measurement 
means and that allows identification of an advancing position of said mobile that moves together with said 
IS mobile communication device under a condition that movement of said mobile is sensed by said motion sense 

means when a predetermined movement inhibit condition is established. 

3. The location system according to claim 1 . wherein said motion sense means senses movement of said mobile that 
moves together with said mobile communication device by a change in an order of repeaters that are ananged in 

20 order according to the electric field intensity measured by said measurement means after said movement Inhibit 
condition is established. 

4. The location system according to claim 1 . wherein said motion sense means senses movement of said mobile that 
moves together with said mobile communication device according to vbration generated in response to movement 

25 of said mobile 



12 



EP1 018457 A1 



FIG. 1 



9 




13 



EP1 018457 A1 



F IG. 2 

(CS-ID) (PS-ID) 

TSAMSHITTER IDENTIFICATION RECEIVES IDENTIFiaTION 

CODE 42BIT CODE 28BIT 



TBLEPHONB 

CONPANT 

IDENTIFICATION 

CODE 

9 BIT 


OUTDOOS PUBLIC ADDITIONAL ID 
33 BIT 


PS CALL CODE 
28 BIT 


SIMULTANEOUS 
CALLING AREA 
NUMBER n BIT 


ADDITIONAL ID 
33-n BIT 



F I G. 3 

(CS-ID) (PS-ID) 

TRANSMIHER IDENTIFICATION RECEIVER IDENTIFICATION 

CODE 42BIT CODE 28BIT 



SYSTEM CALL CODE 


ADDITIONAL ID 


PS CALL CODE 


29BIT 


13BIT 


28BIT 



F IG. 4 



20 



21 



1. 



RECEIVER 
UNIT 



22 

l_ 

ID DETECTION 

UNIT 



RECEIVED ELECTRIC 
FIELD INTENSITY 
MEASUREMENT UNIT 



TRANSMITTER 
UNIT 

r 

26 



23 



— V" 

100 



24 



CONTROL 
UNIT 



25 



NENOSY 



-28 



OPERATION 
UNIT 



-27 



VIBRATION 
DETECTION 
UNIT 



14 



EP1 018457 A1 



F I G. 5 

10 



± 



1 




1 1 10:40| 


1 / 1 1 


09:00 > 
17:00 i 




^ / 




. 12:00 


14:20 




-t 

^ _ «• ** 






16:00 1 


VEHICLE NUNBBB XXXX 



11 



12 



TO TELEPHONE EXCHANGE STATION<)zQZ} 



15 



EP 1018 457 A1 



F I G. 6 



34 

TELEPHONE LINE 



r 



35 



SIGNAL 

DEHODULATION 
CIRCUIT 



38 

X 



REPEATER 
DATA BASE 



41 

X. 



CALLING 

CIRCUIT 

TOWARDS 

MOBILE 

STATION 



36 

L. 

POSITION 
DETECTION 
CALCULATION 
CIRCUIT OF 
MOBILE 
STATION 
— f 



39 



MOBILE 
STATION 
POSITION 
DATA BASE 



42 



A. 



VEHICLE DATA 
BASE 



37 

/ 

DISPUY 
DEVICE 




40 

HAP DATA 
BASE 



16 



EP10184S7A1 



F I G. 7 




17 



EP1 018457 A1 



8< 




00 

o 




IS 
o 

I 

Q 
O 



fid 
I— • 

fid 

CO 
CO 



18 



F IG. 9 



EP1018457A1 



( START ) 



SI 



THEFT SEARCH 
HODB ON 



A 



y 



DETECTION SIGNAL INPUT PROM 
VIBRATION DETECTION UNIT 



S8 



TRANSMISSION 

COMMAND 

PRESENT 



MEASURE ELECTRIC FIELD INTBNSm 
OF NEARBY REPEATER 



S3 



TRANSMIT THEFT INFORMATION 
(INCLUDING MEASURED RESULT) 




S4 





THEFT SEARCH 
MODE OFF 



TRANSMISSION> 
CONDITION 
ESTABLISHED 



» /TRANSMISSION^ 
' COMMAND 



PRESENT 



c 



^ S5 

> 



> 



END 



19 



EP1 018457 A1 



04 
CVJ 
CO 



o 

CSJ 



o 



Cc3 



</7 



oo 
o o 

U OU 



00 

CO 



6-« o 



C9U O 
•—I CO 

O OU 
S 



Q 
O 



2 



CO 



o 



» 00 



oo 




fid 
o 



OO 



00 



n 

oo 



^ V . 



00 
Cz3 

o 
SB 

_ CO 

as ccs 

o =3 
o 

00 csa 
to on 

CO Urn 




20 



EP 1018 457 A1 



FIG. 11 
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FIG. 12 
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